The syndrome of canine juvenile cellulitis was observed and characterized throughout its clinical course when it occurred spontaneously in a litter of dogs. Histologically, pyogranulomatous inflammation was seen in facial skin and mandibular and superficial cervical lymph nodes of affected dogs. The predominant inflammatory cell characterized by light and electron microscopy and by immunohistochemical staining was an epithelioid macrophage. The same pyogranulomatous inflammatory process was seen in a lymph node anatomically distant from the site of apparent disease. Interestingly, a littermate with neither clinically evident dermal lesions nor lymphadenopathy had histologic evidence of a milder, but similar inflammatory process in a mandibular lymph node. The observation of canine juvenile cellulitis in clusters of dogs between 1 and 4 months of age and its apparent systemic nature suggest an infectious etiology. Bacterial, fungal, or viral agents were not isolated from affected lymph nodes. Attempts to transfer the disease by inoculation of neonatal puppies with tissue from affected dogs were also unsuccessful.
CJC occurred in a litter of research dogs that had been experimentally inoculated with canine lymphoma tissue, permitting the opportunity to study and characterize the disease.
The primary clinical lesions seen in affected dogs were dermatitis of the head and face and mandibular and superficial cervical (prescapular) lymphadenopathy. Microscopically, the predominant inflammatory cell was an epithelioid macrophage. Similar pyogranulomatous inflammation was noted histologically in the popliteal lymph node of one dog in an anatomic site where no regional skin involvement was evident; moreover, the same inflammatory process was also found in the lymph node of a clinically normal littermate of the affected animals. These findings of pyogranulomatous lymphadenitis in the absence of cutaneous lesions suggest that CJC is a systemic rather than localized disease process. These observations, and the clustering of cases within litters of young dogs, imply that CJC may have an infectious etiology.
Materials and Methods

Animals
The three dogs (two males, one female) in the originally affected litter were from a random breeding of a mixed-breed dam. They were whelped naturally, weaned at 6 to 7 weeks of age, and vaccinated routinely at 4 and 8 weeks of age with a modified-live virus for canine distemper, adenovirus-2, measles, and parainfluenza. These three dogs had been inoculated intraperitoneally with canine lymphoma tissue at 1 day of age as part of another study. In addition, four 1 -dayold, male, mixed-breed dogs were used in an attempt to transmit canine juvenile cellulitis. All dogs were maintained in accordance with the guidelines of the Committee on Animals of the Harvard Medical School and the "Guide for the Care and Use of Laboratory Animals" (Department of Health and Human Services Publication No. [NIH] 85-23, revised 1985) .
Histopathologic examination and immunohistochemistry
Biopsies of skin and lymph nodes were fixed in 10% neutral buffered formalin, embedded in paraffin, then routinely sectioned and stained with hematoxylin and eosin for histologic examination. In addition, special stains were done for the detection of microorganisms and to characterize the lesions. Gram, Giemsa, Masson's trichrome, and Gomori's methenamine silver stains, and the Ziehl-Neelsen staining method for detection of acid-fast bacteria were done on selected specimens.
Portions of some biopsy specimens were embedded in OCT compound (Miles Scientific, Naperville, IL) and snap-frozen in 2-methylbutane cooled in dry ice. Sections (6-pm) were cut on a cryostat and acetone-fixed. A three-layer peroxidaseantiperoxidase method was used with an anti-mouse secondary antibody and mouse peroxidase-antiperoxidase similar to the methods previously de~cribed.~ The binding of four different primary monoclonal antibodies to the inflam- . Specificities of these antibodies are described ( Table 1 ). Negative controls were treated identically except that the primary antibody was replaced by treatment with an irrelevant mouse monoclonal antibody. Sections of normal canine lymph node were stained identically as a positive control. The ability of these antibodies to stain appropriately and to stain specifically medullary sinus macrophages (904, anti-vimentin), paracortical lymphocytes (DT-2), and blood vessel smooth muscle (antidesmin) was ascertained.
Electron microscopy
Sections of lymph node were fixed in 2.5% glutaraldehyde, post-fixed with osmium tetroxide, and embedded in epoxy resin. Ultra-thin sections were cut, routinely stained with lead citrate and uranyl acetate, and examined with a transmission electron microscope.
Bacterial and fungal culture, virus isolation, and transmission studies
Lymph node homogenates from dogs 1 and 2 were inoculated directly onto blood agar and tergitol-7 agar plates and into trypticase soy enrichment broth and observed for bacterial growth. Homogenates were also inoculated onto Sabouraud's agar and examined for fungal growth.
Homogenized lymph node was inoculated onto cultures of canine thymocytes (CfZTh), cultures of phytohemagglutininactivated, canine peripheral blood lymphocytes grown in human recombinant interleukin-2, and onto cultures of canine bone marrow-derived macrophages. Cultures were observed for 4 weeks for cytopathic effects.
In addition, four 1-day-old puppies were inoculated with both homogenized lymph node (approximately 0.5 g) and 1 O7 viable mononuclear cells harvested from lymph nodes of clinically affected dogs. These dogs were observed weekly for 5 months for development of lymphadenopathy or cutaneous abnormalities.
Results
Clinical course and gross lesions
At 6 weeks of age, 2 weeks following the first vaccination, two of three dogs in the litter developed a syndrome of mandibular and superficial cervical lymphadenopathy. Over the next 2 days an edematous, moist dermatitis of the upper and lower lip developed with furunculosis and crusting. Blepharitis with purulent ocular discharge and a moist otitis externa were also present bilaterally. These clinical signs were most severe approximately 1 week after onset. Complete blood counts done 2 days after the onset of clinical signs were normal in all dogs. During the second week of the illness, biopsies of lymph node and skin were taken. Dogs never showed signs of lethargy, inappetence, or fever. In the two clinically affected dogs, all signs of disease had resolved without treatment within 7 weeks. A third littermate remained clinically normal; however, lymph node and skin biopsies were done on this dog at the same time as the clinically affected dogs.
Total serum protein remained normal in all dogs throughout the course of disease. Serum protein electrophoretograms were also normal when examined during both acute and recovery phases of illness.
Histopathologic lesions
The mandibular lymph nodes (and to a lesser extent the superficial cervical lymph nodes) of the two clinically affected dogs were markedly enlarged, edematous, and grey on cut surface. The normal architecture of the mandibular lymph node of an affected dog was almost entirely replaced by large cells with pink cytoplasm having an epithelioid appearance (Figs. 1, 2). Many of these cells were arranged in circumscribed aggregates with neutrophils in the centers, while others were present in sheets mixed with neutrophils. Fibroblasts were present at the periphery of pyogranulomas and diffusely throughout the lymph node. A mixture of epithelioid cells, fibroblasts, and neutrophils and mild edema obliterated the subcapsular sinuses and extended through the capsule into the perinodal adipose tissue. Only a few foci of lymphocytes and remnants of medullary cords and sinuses remained. The superficial cervical lymph nodes were diffusely infiltrated with epithelioid macrophages and lesser numbers of lymphoblasts, neutrophils, and plasma cells. The subcapsular sinuses contained smaller numbers of macrophages and lymphocytes. The popliteal lymph node from one of the clinically affected dogs, while grossly unremarkable, had mildly hyperplasic germinal centers and pyogranulomas with mild fibroplasia in the subcapsular areas.
The facial skin of the two clinically affected dogs had mild epidermal acanthosis. The dermis contained multifocal nodular aggregates of inflammatory cells, primarily neutrophils, and macrophages. The infiltrate was centered around the hair follicles and adenexa, but there was no apparent exocytosis of inflammatory cells into follicular walls or destruction of adnexal structures (Fig. 3) . The subcutis and panniculus were not examined. Skin from the trunk of these two dogs was histologically normal.
The third dog in this litter remained clinically unaffected. Although its lymph nodes remained grossly normal, microscopic examinations of a mandibular lymph node revealed macrophages that were both solitary and in sheets in the paracortex and that packed the sinuses (Fig. 4) . Focal collections of neutrophils were also present. These lesions were milder than those in the other two dogs. Germinal centers were normal. Biopsies of facial and truncal skin from this third dog were histologically normal.
Special stains for detection of microorganisms were negative in all lymph node and skin biopsies examined. Because of the unusual nature of the histopathologic lesions in the lymph nodes and skin, and to rule out neoplasia, immunohistochemical studies were done to characterize further the predominant cell infiltrating the skin and lymph node. The results of this study are summarized in Table 1 . This epithelioid cell stained positively with the monoclonal antibody 904 ( Fig. 5 ) and with an antibody specific for vimentin. Many residual lymphocytes in lymph nodes bound the T cell subset-specific antibody DT-2. The epithelioid macrophages did not stain with DT-2 or with anti-desmin.
Electron microscopic findings
The primary infiltrating inflammatory cell in the lymph node had a round, centrally located nucleus, pseudopodia devoid of organelles, and phagocytic vacuoles in the cytoplasm (Fig. 6) . These ultrastructural features are consistent with cells of the macrophage lineage. No infectious agents were apparent within these cells.
Bacterial, fungal, and viral isolation
No bacteria were isolated from lymph node tissue inoculated onto blood agar and tergitol-7 agar. A coagulase-negative Staphylococcus, interpreted as a contaminant, was isolated from lymph node tissue from dog 1 after inoculation into enrichment broth. Cytopathic effects were not seen in cultures of canine thymocytes, macrophages, or activated T lymphocytes.
In an attempt to transmit clinical canine juvenile cellulitis, four, 1 -day-old puppies were inoculated intraperitoneally with lymph node homogenate and viable mononuclear cells from the two clinically affected dogs and observed for 5 months. These dogs failed to develop lymphadenopathy or cutaneous lesions of any kind.
Discussion
Several observations made in this litter of dogs suggest that canine juvenile cellulitis (CJC) is a systemic, rather than simply a primary, skin disorder. In the two clinically affected dogs, lymphadenopathy preceded the development of clinical dermatitis. This finding suggests that a primary inflammatory process may be occurring within lymphoid tissues. The severity of the lymph node changes was also disproportionate to the degree of skin inflammation. The lymph nodes of the more severely affected dog were almost completely replaced by epithelioid macrophages. It would seem unlikely, therefore, that the lymphadenopathy seen in this disorder is simply secondary to the skin lesions.
Interestingly, similar pyogranulomatous inflammation was also seen in the popliteal lymph node of a clinically affected dog. This lymph node was not palpably enlarged, nor was there evidence of inflammation in the tissues drained by this lymph node. A clinically unaffected littermate also had microscopic pyogranulomatous lymphadenitis in the absence of any skin involvement; thus, it would appear that pyogranulomatous lymphadenitis might represent one manifestation of this disease that can occur with or without skin involvement.
The pyogranulomatous lymphadenitis and perifolliculitis associated with CJC was characterized by light and electron microscopy and by immunohistochemical techniques. The severity of the granulomatous inflammation was a unique feature of this disease. Granulomatous inflammation occurs classically in response to non-digestible infectious or non-infectious agents, such as mycobacteria, fungi, protozoal organisms or foreign materials. CJC was, in fact, long-believed to be a staphylococcal pyoderma; however, bacterial cultures from early, unruptured skin lesions are sterile. This disease has a dramatic clinical response to cor-tico~teroids.~ The apparent systemic nature of this disorder, its histologic appearance, and the clustering of cases within litters was, nevertheless, suggestive of an infectious etiology. An inflammatory response of this type is also seen in chronic lentiviral infections of horses,5 goats, sheep,* rnonkeys,'O and human being^.^ An extensive search for an etiologic agent using electron microscopy, special stains, and cultures from primary lesions was undertaken. These attempts, as well as attempts to transmit this syndrome by inoculation of newborn puppies with lymph node tissue from affected dogs were unsuccessful in identifying an infectious agent.
CJC is a distinct clinical entity, yet it shares some clinical and histopathologic features with diseases such as sterile nodular panniculitis (SNP)IJ3 and idiopathic periadnexal multinodular granulomatous dermatitis (PMNGD).' All three diseases involve apparently sterile, nodular to diffuse, granulomatous to pyogranulomatous inflammation in the skin, and all respond to short term corticosteroid treatment.
CJC and SNP are reported primarily in dogs under 6 months of age. CJC is characterized clinically by diffuse moist facial dermatitis with furunculosis, lymphadenopathy, and usual absence of nodular lesions and systemic illness. In contrast, the initial lesions of SNP are acutely-formed subcutaneous nodules over the neck, trunk, and limbs, lymphadenopathy is uncommon, and there are usually constitutional signs, such as fever, lethargy, and anorexia. The histologic appearance of both syndromes is nodular to diffuse pyogranulomatous inflammation in the dermis and/or subcutis. Nodules in our dogs with CJC were microscopic and centered around epidermal appendages in the mid-to deep dermis; in SNP, the nodules are much larger, grossly visible, deeper (in the subcutis to deep dermis), and may become cystic and rupture to the surface. The CJC we describe occurred in a litter of dogs; SNP has also been reported in multiple dogs in the same litter.' Interestingly, one author (D. J. De-Boer) has observed three patients (all Springer Spaniels) in which CJC and SNP occurred simultaneously. There is, thus, some evidence to suggest that CJC and SNP are two manifestations of a common underlying disease process.
PMNGD differs from CJC in that it is reported in adult dogs and is characterized clinically by firm cutaneous nodules or plaques, primarily on the head. No lymphadenopathy or systemic signs have been reported. Some histologic features of PMNGD and CJC are, nonetheless, similar. Both diseases have a multifocal nodular dermal cellular infiltrate in a periadnexal pattern. The infiltrate in PMNGD spares the follicles but commonly effaces sebaceous glands and is mostly histiocytic in composition. The infiltrate in CJC did not appear to destroy sebaceous glands, and seemingly contains a greater proportion of neutrophils than that described for PMNGD.
The clinical syndrome of CJC occurs in dogs between 3 and 16 weeks of age.7 During this age, dogs ordinarily received their first vaccinations with modified-live virus vaccines. Interestingly, the clinical signs occurred in this litter 2 weeks following their first routine vaccination. Whether infection with vaccine or other viruses plays a direct or indirect role in the evolution of this disease remains speculative.
